Monitoring of mechatronic systems is one of the essential issues in the industries. In this context, we firstly deal with the modeling of an electro-mechanical system obtained by assembling a mechanical model, which is a single stage of a gear element and an electrical model that is an asynchronous motor. Secondly, we use homogeneous sliding mode observers in order to supervise the gear dynamical behavior. The observers' parameters are suitably chosen to ensure rapid and accurate convergence between the real and the estimated system states. Finally, a comparative study between three simulations is presented in order to illustrate the observers performances and the influence of the mechanical dynamics on the electrical states.
Introduction
Nowadays, mechatronic systems are widely used in the industries for their capacity to combine several domains in order to improve the supervision of the systems behavior. As technology advances, the subfields of engineering multiply and adapt. The aim of mechatronics is a design process that unifies these subfields by closely associating mechanical engineering, electronics, computer engineering, systems engineering and automatic control, as well as production and maintenance phase. In the recent decades, the supervising of the industrial machines using the automatic techniques has known an unprecedented development, and in particular, monitoring of gearbox transmission has become an important aspect for the industries. For that reason, many researchers have been working on developing the gear power transmission modeling and supervising its dynamical behavior in the presence or absence of faults. In many papers, different models of the gearbox dynamics 1, 2 have been presented, and the influence of some mechanical faults on the gear behavior (such as, spalling, 3 shape deviations with the mounting errors 4 and mesh stiffness fluctuations 5 ) has been studied. The gear modeling can be also used to detect and locate different mechanical faults. 3, 6, 7 Electro-mechanical coupling of the gearbox system with the induction motor has been largely investigated over the last few years in order to monitor system behavior and to detect several mechanical faults. 8, 9 The general principle of an electro-mechanical coupling is carried out by respecting the input (for example, the induction motor electromagnetic torque) and the output (the load torque) of both subsystems. For instance, in Kia et al., 10 the coupling is obtained by introducing the torque oscillation profile produced by the gear in the mechanical torque of the driven electrical machine, and gear tooth surface damage faults are detected using the induction machine stator current space vector. In Henao et al., 11 it has been shown how the electromagnetic torque estimation of the motor can give significant information about the mechanical transmission torsional vibration. Gear wear monitoring based on motor current stator analysis was also developed in Zhang et al., 12 where the mechanical faults quantities are introduced in the electrical ones by adding the torque component of a specific rotating frequency (corresponding to the fault) on the stator current. In Liu et al. 13 and Wang et al., 14 an electromechanical dynamic model of multi-stage gear transmission system with planetary gears driven by an electric motor is obtained by connecting the electric motor model with a torsional dynamic model for the planetary gears. The coupling is based on the substitution of the displacements and the vibrations of the motor in the gear planetary equations. Moreover, dynamic characteristics of an electro-mechanical model which combines a nonlinear permeance network model of an induction motor, and a coupled torsional dynamic model of a planetary gear is developed in Bai et al. 15 The principle of the electro-mechanical model presented in Bai et al. 15 is obtained by taking into account the mechanical relations between the shaft, the planetary gear and the motor in the differential equation of the induction motor. In Feki et al., 16 an electromechanical coupling of the gear-motor system has been developed under the assumption that the asynchronous motor is at the steady state. That model was used to detect the gear faults only from the electrical measurements given by the induction motor. The coupling principle presented in Feki et al. 16 consists in substituting the small vibrations produced by the gears in the electrical equations of the motor.
In this paper, a novel modelization of an electromechanical system, describing the asynchronous motor-gear dynamics and considering the transient state of the motor, is presented. Our electro-mechanical model is based on the mechanical and electrical equations developed in Feki et al. 16 (which are generalized by taking into account the transient state). The coupling principle is related to the load and electromagnetic torques and is similar to that presented in Kia et al., 10 Henao et al., 11 and Zhang et al. 12 The contribution of this paper aims firstly to present a new modelization of the motor-gear system and secondly to implement observers in order to estimate the dynamical evolution of the system states. With respect to Feki et al., 16 the model of the mechanical subsystem considered here is the same, but the model of the electrical subsystem is generalized by taking into account the transient state and their coupling is, consequently, different. The proposed coupling is obtained by respecting the inputs and the outputs of the gear and motor systems which are the applied torques (load and electromagnetic torques) and the rotational speed for each element. More precisely, we make the gear element operate with the electromagnetic torque provided by the motor, and we take into account the transmission ratio of the gear in the induction motor equations and in the load torque.
In this paper, a reduced part (considering the torsional effect only) of the gearbox will be studied.
The gear excitation will be made by an internal source obtained by the time-varying mesh stiffness 17 and by an external source of excitation induced by the electromagnetic torque of the motor.
Once the model of the electro-mechanical system is established, we implement a variable exponent homogeneous observer (VEHO) in order to supervise the dynamical behavior of the coupled system. At the best of our knowledge, this is the first time that a VEHO is applied for a mechatronic system. It is well know that, in general, the dynamical behavior of the mechanical part is slower than that of the electrical one. Thus, two observers with different speeds have to be used. Due to this speed difference, another important issue in this work is the choice of the parameters for the observers implementation. Therefore, it may be difficult to find the most suitable tuning for the time constants, the constants parameters and the observers gains. In 'Simulation and results' section, we explain how to choose all those parameters values and validate them via numerical simulations. Based on the observer's information and the motor-gear modeling, the simulations show firstly, that the estimated variables given by the proposed observers converge in finite time to the real ones and secondly, that the mechanical properties of the gear model are recovered from the electrical states by frequency analysis.
The paper is organized as follows: in 'Electromechanical modeling' section, the global motor-gear system obtained by developing the electrical and mechanical equations, will be presented. In 'Monitoring of the electro-mechanical system (motor-gear) based on observers' section, we recall some notions on observers and we apply multiple homogeneous observers with constant and variable exponent for the motor-gear system in order to supervise its dynamical behavior. Finally, the simulations results are given in 'Simulation and results' section. They illustrate the performances and the effectiveness of the applied observers.
Electro-mechanical modeling
In this section, we present the coupling of the gear model and the asynchronous motor. While in Feki et al., 16 the electro-mechanical modeling takes into account the six degrees of freedom of every gear node, here, we assemble the electrical model (which is an synchronous motor) with the torsional mechanical model (only, two degrees of freedom 18 of the spur or the helical gear see Figure 1 ). We could have considered, as in Feki et al., 16 the complete model for the mechanical part, but this would considerably complicate the understanding of the paper and would provide few important contributions. The observers implementation of the general case (considering the six degrees of freedom, the bearing and the shaft modeling) can be developed by applying the same reasoning that is presented here for the reduced gearbox model (with two degrees of freedom). The paper aims to apply the adaptive observers with respect to the presence of noises in the mechatronic system (the gear element driven by an induction motor).
Asynchronous motor modeling
We apply the Faraday Law for the three phases of the stator (leading to equation (1)) and of the rotor (yielding equation (2)) 6Â6 is a symmetric matrix, composed on its diagonal by the stator and rotor self-inductances, and on the triangular parts by the mutual inductances between the rotor and the stator phases or between two rotor (or stator) phases. In order to simplify the model, we apply the orthonormal Kron transformation (see Figure 2 ) which consists of converting the three phases asynchronous machine ðabcÞ s =ðabcÞ r into an equivalent two-phases machine (dq), see Kron
and
where É is the angle transformation (which, in our study, equals s , r and , see Figure 2 , corresponding, respectively, to the Park transformation angle of the stator, rotor and sliding). The stator (respectively, rotor) variables are obtained by applying equation (4) at É ¼ s (respectively, at É ¼ r ). The (dq)-frame can be fixed either at (a) the stator, (b) the rotor or (c) the rotating field. Fixing the (dq)-frame at the stator corresponds to s ¼ 0 and r ¼ À. Case (a) is applied to study the variation of the supply frequency that may or may not be associated with the rotation speed variation ! m . In the second case, we have r ¼ 0 and s ¼ . This case is used to analyze the transient regimes where the rotational speed of the rotor is considered constant. Finally, case (c) is the most suitable for our system because it enables us to obtain constant magnitude in steady state. For case (c), the rotating field is created by the stator winding, and rotates, in steady state, at the synchron- Eddine, 20 where p is the number of the pole-pairs, w m is the mechanical rotational speed, and w s , w and w r are the rotational speed of synchronism, sliding and of the rotor. With respect to Feki et al. 16 (where only the dynamics of the motor at the steady state were modelized), here, we also take into account the transient state: the mechanical rotation speed ! m is no longer assumed constant and its behavior is described by the last equation of system (6). We apply matrix transformation (5) to equations (1) to (3), for instance with x dq ¼ ½v ds v qs t and x abc ¼ ½v as v bs v cs t . We thus obtain the following equations describing the dynamics of the asynchronous machine (see also, e.g. Feki et al. 16, 21 with the difference that, as explained above, here ! m is no longer supposed constant)
with ½i ds i qs dr qr ! m t 2 R 5 the state vector whose components are the two stator currents i ds , i qs , the two rotor fluxes dr , qr expressed in (dq)-frame and the rotor mechanical speed ! m . All other parameters are constant and explained below
J: moment inertia of the motor, f 1 : friction coefficient, C r : resistant torque, v ds , v qs : stator supply voltages and L s , L r and L m are, respectively, the stator, rotor and the magnetizing synchronous inductances. We denote by C em the electromagnetic torque (associated to the magnetic and the electrical parameters) defined by
where p is the number of pole-pairs. By solving the system of equation (6), we determine the currents and the magnetic fluxes of the asynchronous motor and, consequently, deduce the instantaneous electromagnetic torque transmitted by the motor to the gearbox transmission.
Gear modeling
The mechanical part of the global model is composed of four elements Feki et al. 21 : (a) four shafts, (b) a gear element made of two gears (pinion, wheel), (c) four bearings represented by additional stiffness, (d) a load placed at one node of the gear shaft called output shaft. In this paper, the mechanical part is simplified: we take into account only element (b) mentioned above which corresponds to the torsional model (that is, we consider only two degrees of freedom of the gear).
In order to obtain the state space representation of the gear, Euler-Lagrange equations are applied
where E c is the kinetic energy of the system, E p represents the potential energy of the system, D is the dissipation function (e.g., viscous friction forces), W represents the virtual work of the generalized external forces and q is the degrees of freedom's vector. For the gear element, the kinetic and potential energy are given by
with n the torsional rotation speed of the n-th gear, 14n42, I n the inertia moment of the n-th gear, k(t) the time-varying mesh stiffness,Ṽ the constant structure vector depending on the gear geometrỹ V ¼ ½R b1 cosðÞ R b2 cosðÞ t 2 R 2 , where R b1 , R b2 are, respectively, the base radii of the pinion and the wheel, is the helix angle of the gear, and q ¼ ½ 1 2 t 2 R 2 is a torsional vector whose coordinates are the two degrees of freedom of the gear element. Therefore, equations (9) and (10) give
where M ¼ diagðI 1 , I 2 Þ represents the mass matrix, and KðtÞ ¼ kðtÞVV t is the stiffness matrix of the gear element and depends explicitly on time, see Velex and Maatar. 4 Using relations (11) and (12), the global equation describing the motion of the mechanical model can be obtained from equation (8) and rewritten as
where C is the damping and FðtÞ 2 R 2 corresponds to the external forces (motor and load torque). The introduction of the damping C is always tricky, so a simple Rayleigh model has been considered, that is, a constant matrix expressed as a linear combination of the mass and mean stiffness matrices
where the parameters 1 and 2 are proportionality constants and K av is the average of K. Finally, we obtain
and the state space representation of the gear element can be written as the following first-order differential system
the mechanical states corresponding to the displacements and the velocities. Mechanical system described by equation (16) has been validated by practical experiments using optical encoders and accelerometer sensors in Henao et al. 11 and Feki et al. 22 
Gear-motor coupling
The last step of modeling consists of coupling the electrical variables of the asynchronous motor with the mechanical ones in the same state vector ½i ds i qs dr qr ! m t 2 R 9 . The principle of this coupling is to substitute firstly, the electromagnetic torque, given by (7), in the mechanical system (i.e. the gear rotates with the motor torque given by the asynchronous machine), and secondly, the transmission ratio obtained by the gear vibrations in the mechanical rotation speed of the asynchronous motor. It must be noted that the proposed electro-mechanical coupling of the motor-gear system is based on the same principles presented in Feki 7 (for more details see Feki et al. 16 ) with the difference that ! m is no longer constant. More precisely, in this work, we take into account the transient state of the induction motor by including the mechanical equation of the asynchronous motor ! m . Thus, the representation of the electro-mechanical model becomes
where K ij (respectively, C ij ), 14i, j42 are the stiffness (respectively, damping) matrix coefficients. Recall that K ij depend explicitly on time, thus the electro-mechanical system is a time-variant system. Once a dynamical model is obtained, another important problem is its supervision. In this paper, we monitor the electro-mechanical system using the homogeneous observers based on the sliding mode techniques. It is well known that, in general, the dynamical behavior of the mechanical part is slower than that of the electrical one. Due to the difference of speed dynamics in the considered case, we have to apply two combined observers with different speeds. Thus, some good choices for the time constants, the constant parameters and the observers gain that take into account the slow and fast dynamics of the motor-gear system are presented. In order to illustrate the good performances of the variable exponent observer, we will present different cases of the applied observers with constant and variable exponent.
Monitoring of the electro-mechanical system (motor-gear) based on observers
We will next briefly recall the notion of observability and the principle of the sliding mode observers (SMO) and then, we will present the observer design.
Observability of the electro-mechanical system
The observability allows us to reconstruct the state vector from the measured outputs of a system. We next recall how to check it. Consider a non-linear system of the form (18) is locally observable at x 0 if dimOðx 0 Þ is maximal and equal to n, the state space dimension.
For the electro-mechanical system (17), two current sensors are placed in order to measure the system currents
a tachymeter to measure the motor speed
and two rotary encoders (see Figure 1 ) are used to obtain the systems displacements
Via a straight forward computation, we obtain
Since the determinant of the following matrix 
Some recalls on observer design
The knowledge of all physical states of the system is important for supervision and designing a feedback control. However, in the general case, only some state variables are available from direct sensors' measurements. The unknown variables can be estimated by the state observers using a priori knowledge of the actual model and the measured variables. Therefore, the design of efficient and robust observers has been the goal of many works. 24, 25 An observer is a dynamic system that estimates the unmeasured states of the system from its measured outputs only and has many important applications (see, for instance Eddine 20 for a problem similar to that considered in this paper) and Houimli et al. 26 and Xu et al., 27 where the problem of observers construction for linear dynamical system is applied, respectively, for faults detection of a drying blower system and for a vehicle rollover warning system. For non-linear systems, 28 the available results depend on the problem and its applications. Nevertheless, the extended Kalman filter is the standard non-linear observer (see, e.g. Soroush 29 and Dhaouadi et al., 30 for some applications). It provides an accurate and quick estimation for the desired variables using all available measurements. The output injection method 31 is proposed for limited classes of non-linear systems and can ensure the global asymptotic stability of the error dynamics. The extended Luenberger 32 and high gain observers 33 are used for many applications in order to monitor the non-linear systems. The simplicity of their implementation is the main advantage of these observers. Observers design breaks up into two parts: the first one is a mathematical replica of the real system and the second one is a built signal (called corrective term) representing the difference between the measurement outputs of the plant and the estimated outputs. In the case of Luenberger observer, this signal is sent back linearly into the observer which poses a problem if uncertain parameters or unknown signals are presented in the system. This situation makes the Luenberger observers incapable to force the error of the output estimation to zero and to ensure the convergence of the estimated states to the real ones.
In this paper, we apply the SMO whose principle is to constraint the dynamics of a system (corresponding in our case to the observation error dynamics) to converge to a surface s called sliding surface by using the discontinuous function sign. SMO are very advantageous by their capacity to (a) obtain a convergence of the outputs estimation error in finite time, (b) assure the convergence of the estimated states to the real ones, (c) reconstruct the disturbances within the system and (d) guarantee, under some well-chosen parameters and conditions, a good robustness. 34 SMO are used to monitor linear or non-linear systems and are applied to many electrical and mechanical applications. 35, 36 In Shtessel et al., 37 a conventional SMO for linear and non-linear system is developed. It is based on a change of coordinates leading to a state vector that contains explicitly the outputs of the system. Despite their robustness and accuracy, classic SMO have a major problem, namely the chattering effect caused by the discontinuous function. Many solutions are proposed to solve this issue, among them the high order sliding mode observers (HOSMO). Most HOSMO use the concept of homogeneity [38] [39] [40] based on the differentiation algorithms. In this context, Arie.L 41 proposed a robust exact differentiator. It estimates the derivatives from order 1 to order n-1 (where n is the system order) assuming that the nth order derivative is known. As we have seen, observers can be used to identify the unknown system parameters but also to diagnose (i.e. to detect the possible faults) and finally, as in our case, to monitor the dynamic behavior of the system. In this article, given the difference of dynamics between the electrical and mechanical quantities and in order to reduce the chattering phenomena, we apply homogeneous SMO with variable exponent for the electromechanical model to estimate the unavailable states.
Homogeneous observer design of the electro-mechanical system
In this section, we present the implementation of the observer to supervise the dynamical behavior of the coupled torsional model. We apply a differentiator to estimate the state variables from the four system outputs (see Observability of the electro-mechanical system section). It is well known that the super twisting differentiators 37 have good properties with respect to sensibility perturbation, but their accuracy is degraded if the signal is perturbed by a noise, contrary to the linear observers that have good performances with respect to the measurement noise, but they are sensible to perturbations. In Ghanes et al., 40, 43 a novel second order sliding mode differentiator with a variable exponent is proposed in order to make trade off between accuracy and noise sensibility. Following Ghanes et al., 40, 43 we explain the differentiator design, then, we apply it to the electro-mechanical system. Consider the following second order system
where zðtÞ 2 R 2 is the state of the system, uðtÞ 2 R is the unknown input, yðtÞ 2 R represents the output of the system and w refers to measurement noise. The proposed differentiator of system (26) is designed as follows
where e 1 ¼ y m Àŷ m ¼ z 1m Àẑ 1m is the output estimation error, d:c ¼ j:j signð:Þ, is the variable exponent depending on the estimation error e 1 , k 1 and k 2 are the constants chosen such that the eigenvalues of the estimation error are stable, and is a positive constant suitably chosen to cancel the effect of the perturbation and to preserve the homogeneity for a fixed .
41,44
Homogeneity Homogeneity tools are used for observers (differentiators) in order to attain their finite time convergence. 44 Precisely, homogeneity theory helps to establish global stability results and finite-time convergence.
For a given vector z 2 R n , the dilation operator is Á r " z ¼ ð" r 1 z 1 , Á Á Á, " r n z n Þ, for all " 4 0 with r i the weight of the coordinate z i , 14i4n, and r ¼ ðr 1 , Á Á Á, r n Þ T the vector of weights.
Based on equations (26) and (27), the observation error dynamics is given by
where e 1 ¼ z 1 Àẑ 1 , e 2 ¼ z 2 Àẑ 2 . We denote by f(e, u) the drift of system (30) . For a given dilation Á r " ðe, uÞ ¼ ½"e 1 , " e 2 , " 2À1 u, we have
From equations (31) and (32), it easy to see that observer (27) is a d-homogeneous system with d ¼ À 1. In our study, we always have 2 ½0:5, 1, thus d < 0 and the convergence in finite time is guaranteed if a Lyapunov function whose derivative is strictly negative exists, see Simulation and results section of Cruz-Zavala and Moreno, 45 for more details. In this paper, we will study two cases: we suppose, first, that the parameter is constant, and, second, we let vary between 0.5 (corresponding to the exact differentiator) and 1 (case of linear observers), see Plestan et al. 46 for the methodologies for the observers with variable exponent. This variation is obtained by a low-pass filter of noisy output frequencies j y mhf j expressed as follows
where is a constant parameter chosen small with respect to the dynamic system to fix the filtered output sufficiently low and " is a constant parameter that should be greater than 1 to ensure that remains in ½0:5, 1 when x 3 is equal to zero. This parameter is linked to the precision of the differentiator. The differentiator explained above is applied for the electro-mechanical system. In order to obtain the estimated states of the transmission gear model, we apply four differentiators: the first two for the electrical part (the asynchronous motor) and the last ones for the mechanical part (the gear element). For the asynchronous motor, we denote
dt ; the differentiator is applied to estimate the derivatives of the currents. This estimation with fixed gain 1 is obtained by the following equations
The estimated fluxes are deduced under the assumption that _ e 1 and _ e 2 tend to zero. 47 Thus, the two fluxes expressed in the (dq)-frame can be written as below
which is always invertible (due to the observability property). The differentiator applied for the gear element aims to estimate the displacements derivatives _ 1 and
, the differentiator equations associated to the mechanical part are the following In order to vary the gains 1 and 2 , equation (33) will be applied for the four proposed differentiators described above. With the help of these differentiators, we are able to recover all states of the system (the motor-gear model) and, consequently, to monitor the dynamical behavior of the gear.
Simulation and results
In this section, the simulations results of the electromechanical model monitored by the proposed differentiator are presented. The designed system was implemented in Matlab Simulink environment where an ode1 (since equation (27) is discontinuous for ¼ 0:5) is used with a fixed step size equal to 10 À6 s. White noises blocks, from Matlab library, are used and considered as sensors' noises.
The asynchronous motor and the spur gear parameters are given in Tables 1 and 2 , respectively. All gear parameters (pitch diameter, inertia moment, masse, etc.) can be calculated from the gear data given in Table 2 . The gear profiles are considered perfect, and the gear is loaded by a constant resistant load C r .
The first two simulations were realized with fixed gains 1 and 2 , while the second one was simulated with variable 1 and 2 .
In order to compare the performances of the proposed differentiators, first, we fix 1 ¼ 2 ¼ 0:5 (corresponding to the Levant's differentiator) and second, we put 1 ¼ 2 ¼ 1 (corresponding to the linear differentiator). Finally, the case when 1 and 2 vary according to equation (33) is considered. Recall that, when 1 and 2 are allowed to vary, 0.5 and 1 are respectively, the minimal and the maximal possible value that 1 and 2 can take. Figures 3 to 5 show that, in all cases, the estimated quantities converge in finite time to the real states of the system. Figures 3 and 4 present the electrical quantities which are, respectively, the current i ds of the asynchronous machine expressed in the (dq)-frame and the electromagnetic torque C em of the motor. In these figures, we can see that the differentiators with variable 2 ) gives a more accurate convergence (notice that the noises interval is reduced with respect to the constant cases). For the mechanical part, Figure 5 displays the pinion speed rotation and confirms the good performances of the differentiators associated to the gear element with variable 1 and 2 . Figure 6 represents the frequency spectrum of the current i a . This current is obtained by multiplying the i ds and i qs by the inverse matrix of T 2=3 . This figure shows the perfect convergence of the proposed differentiators. We obtain an error of the order of 10 À4 justifying that the curves given by different values of 1 and 2 coincide in Figure 6 . On the other hand, Figure 6 illustrates the influence of the mechanical quantities on the electrical ones. This influence is characterized by the presence of a peak at the electrical supply frequency f s ¼ 50 Hz and two peaks at the frequency meshing f m AE f s and its harmonics if m , i ¼ f1, 2, 3, etc:, g. In general, the frequency meshing is obtained by f m ¼ Z p N=60, where Z p is the pinion tooth number (see Table 2 , here Z p ¼ 21) and N corresponds to the rotating speed of the motor (N ¼ 30 ! m =). Taking into account the slip s ¼ ðN s À NÞ=N s (here, s ¼ 5 %) between the synchronous speed which is the supply rotational speed N s ¼ 3000 tr/min and the operating speed of the asynchronous motor N, we obtain the frequency meshing f m ¼ 998 Hz which leads to (since the supply frequency is f s ¼ 50 Hz) two peaks obtained at (a) 948 Hz and (b) 1048 Hz. Figure 6 confirms the good convergence, also in frequency domain, of the estimated states obtained by the proposed differentiators to the real states of the system. These frequencies are retrieved in the three cases of differentiators (with different gain i ).
Moreover, since the mechanical element is slower than the electrical one, the added noises are different: we use a noise of order of 10 À7 for the electrical differentiator, while for the mechanical one, the added noise is of order of 10 À10 . The following noises division of the mechanical and electrical differentiators depends on the effect of the variable . In Figures 7 and 8 , the added noise is multiplied: (a) by 0 for t belonging to the intervals ½0s, 0:1s, ½0:2s, 0:3s and ½0:45s, 0:6s, (b) by 1 for t 2 ½0:1s, 0:2s, (c) by 1 2 for t 2 ½0:3s, 0:4s, and (d) by 1 4 for t 2 ½0:4s, 0:4:5s, which guarantees that 1 and 2 tend to 1 when the noise is the most important (approaching the linear differentiator) and are 0.5 when the noise is absent. On the other hand, as the electrical evolution is faster than the mechanical one, the choice of the differentiator parameters, such as the time constants (, ") and 1 and 2 , is not obvious. The values of 1 and 2 are crucial to cancel the perturbation effect. In fact, for the first differentiator, the choice of 1 that guarantees the cancellation of the electrical perturbation is 1 ¼ 5 Â 10 3 . For the gear system, we have to cancel the mechanical perturbation and to this end, we choose 2 ¼ 10 5 . The parameter should be as small as possible and its role is to fix the output sensors sufficiently low with respect the dynamic system (here, we take 1 ¼ 80 and 2 ¼ 100).
The parameter " is fixed to 0.001 in order to ensure that i remains in ½0:5, 1 and to guarantee a good sensibility to the noises.
Conclusions and perspectives
In this paper, a new modeling of a motor-gear system has been presented. The electro-mechanical coupling is based on introducing the electromagnetic torque produced by the asynchronous machine as an input torque for the gear subsystem. The proposed model takes into account the transient state of the asynchronous motor. In order to supervise the behavior of the electromechanical system, homogeneous observers with variable exponent via sliding mode techniques have been applied and different simulations have been presented. The proposed observers give, only from the available sensors' measures, accurate information about all states of the electro-mechanical system. With the help of the observers estimation, the monitoring of the gear behavior applying the frequency analysis has been presented. Moreover, due to the difference of speed dynamics in the considered case, the simulation results show the effect of the electrical and mechanical noises on the proposed observers. It has been shown that the applied differentiators are robust and adapt perfectly to the presence of noises related to gear vibrations. With the help of the proposed differentiator, the noise gap is reduced and the estimated states converge accurately to the real quantities of the system. Our ongoing work will focus on the mechanical and sensors' faults detection of gear transmission using the supervision based on observers. 
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